rE-rSOTECTIVE  HymOFKlLI 


TISSUE-PROTECTIVE  KYDBOPSII.IC  POLTHES 
SOLUTims  AND  HEtiaRANES 


Ti«Bv«-procectlva  Nydrophille 


BIOCRAPNICAL 


if  Hi!  if 


0, 06HrBd) . . . . 


SSArKVP 


vlseosiby  as  Euoctiao  of  percent  of  7LSP  showing  a negative 
■ynergistlc  effect  in  blends  of  7HPPH  and  7L2P.  Brookfield 


1?. Brookfield 


Change  of  viecosity  of  la  CMC'7bppr  end  la  CMC-IHPPK 
filtered  than  autoclaved,  with  time.  Btorege  at  25*0. 
Brookfield  RTV-DVII,  2S*C,  CP  4G,  (3.75  s*^> 
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TISSUF-PPCTECTIVE  aVDilOPIIlLlC  POLYMER  SOLUTIOHS  AND  SUBPACE 
MODIFICATIONS 


Major  Dopartmant:  Hataciala  Science  and  Enginearino 


d characeerication  of  Oydcapliilic  eurface  grafce  onto 

PolydiiMthyailoxane  {PDMS> , by  cadiation'induced  polyoiorizacion. 


irrDito?iiii.ic  SUBPACE  kqcipication 


CP  OCUUR  IMPLANT  POLYPIEKIC  HATEBIALS 


polymathylJTVatbacrylace 


polypropyl«ns  or  PHMA 


I.  .discolciracjDD,  reduced  refraccjve 


C«ll  Mhjvier  ei 


callB,  ch»  phyiicoehtinical  prapertias  o£  tCia  aubecrata  aurfaca,  and 


cpllt. 


DolvBieri 


1 Kjdical  torMtion  y. 


2-9.  Capolyntrisatdon 


in  ordsr  co  seudy  call  b«Aavlor  on  nsutral  and  anionic  auriacaa.  tiia 

conducced  using  rabbit  Isna  capsule  apiehalial  cells. 


a Materials  and  Hatnoda 


s include  PieiA  (UVEX*.  f 


murfce  arjlcina 


inrn  DQlviiurinii  Bolwinvle'frfoliann.  f 


lO  CP9  (Br»okfiftld  RV  DVII.  CP  S2,  1 s‘^ 

Ctiarlesby  hes  BCUdlRd  Cl 


« individually  an 


2-2.1  PreBoaliinn 

claaned  and  dxiod  aamplao  m 


2.J-2..2.2  Peaaaaine 


a. 3. 2. 2. 4 Matfiitm 

Bolucion  and  choronghdy  rinsed  wlch  warm  diatilLed  water  t30«C)  to 

bocoailicate  glaaa  cast  tubes  Udan  xl25im] , for 
chsngaa  of  water.  Finally  sai^lea  were  soaked  1: 


1.  transfer  dried  dreorafted  aubstratas  to  individual  Bcroailicate  g 

aqsenufi  solutione  of  NVf>/CHC  or  Nvp/bA  of  various  ratios  and 


2. 1.2. 3 cnaracterlration 


analytical  tacbniquas  to  cbaractecira  bioiDBcerials.  ^ thocougb  am 

surface  inodificacian  of  Diopolynara. 

2-3.2. 1.1  Oravimatric  analvaia 


follows; 


Typical  waignts  Eos  PHKA  samplas  ui 


2. 1.2. 1.2  cont.ci  anola 


IB  cslculaCBd  E' 


IV  nhocoBlBeeten  «i 


spoctrosoopy  for  elianic&l  analysis  {BSCA]  is  anothar  powarful  analytical 

ICS  axcepcional  ssnsiclvicy  and  quanciCieatlon  abilities  nsva  made  XP3 
a vary  usafvl  analycicsl  cool  ia  the  cbaraccarisacion  o£  Dlopolymec 


rigijr«  2-14.  A typical  Optical  Diagcajt  fgr  Actanijaead  Total  RaElactanca 


IS  performed  ueinp  a Kracoa  software  (DSSOO] 


stained  sampled.  I 


urad  by  light  m 


18  parfcnred  using  a Nilcon  optical  m 


micrographs  wars  cbcainaC  on  uncoatad  polymar  saaiplas  using  a acanning 

SBK.  The  Burfacea  ware  coacad  with  gold-paUadium  using  a Hurrmar  V 

2.}. 2,5.'’.  litnt  apithtlial  gill  adhaaion  and  aoiaadmo 


Pclv;iHfl2«llon  of  PVP/lf/P 


TDt  result!  indicate  cnat  QcaEte  can  be  nbtaiQed  by  coaventional 
surface  modiEicatlon  techniques  but  can  be  inhibited  using  aqueoua 
monomer  solutions  by  rapulsive  forces  between  the  hydrophobic  polymers 
end  the  hydrophilic  monomers  used  in  Che  grafting  solutions.  The 
grafting  efficiency  can  be  Bionifioantly  enhanced  by  using  a "presoak 

Howeyer,  in  the  case  of  PDMS,  changes  in  optical  resolution  has  been 

polymerisation  during  gajnna  irradiation. 


used  duriag  the  radiation  grafting. 


In  thii  experiment  subetrete  semples  were  irradiated  in  PVP/NVP 


alBo  deed  ee  wetting  agent  for  e wxde  ranga  of  materiale  bec< 


i,3xlQ^  obtained  by 


id  bydroptiilio  trvt>  solutions  losy  inhibit  graft  polymorization 


cbe  monomsr  solution  with  Dsttor  sccosaibility  to  fros  radicals 
produced  on  tna  substrata  aucfacs. 


have  a tandsney  to  crosslink (91) . Kiran  and  Hodriguez  nova  studied 

is  favorod  and  is  bsliovad  to  occur  by  formstron  of  siaccocadicsls  on 


.2  ma/ATH  ....iv.,. 


used  {refrdctxvd  indev,  angle  of  incidence) . The  eryexel  used  here 


°>tOCC]  31^0  zzeo  I'tZO  =60 

WFiVENUMBER 


"laao  aito  zzdo  i^zo  sbo 
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R • Aiiee5)M(i'’2S)* 


O.lSHrad/  lOlrad/min 


Ic  40«NVP/d2*c/4nre 


B a AI1665)/AI}256> ■ 


{6> . Tbie  discrepancy  may  also  be  due  eo  the  structural  water 
contained  within  the  PVP  hydrogel  In  addition  to  surface  oxidation 


eheoratical  cslculations.  The  XPS  spectrum  of  NVP-g-PMS  prepared 
with  praeoalt  HOi/SO'C/lhourel  then  ganxiva  itrsdiation  in  1D«  NVP 
{0.15  Hrad,  toirad/min)  shown  in  Plgure  2*31  reveals  tha  presence  of 


PMMA  aod  POMS  OOl  rad/nin)  . 


Binding  Envrgg  (tUI 


i9  v«ry  susoBjicible  to  mDlecuIar  rearrangornoncfl . Hydrophilic  evp 
gcafta  laay  gat  bcried  in  the  bulk  ol  aubtccate  whan  POMS  conila  to 


optical  pcopertieB  of  pvp-inodifiod  ports  IOOb.  The  eeebilicy  of  POKS 


elBccron  bearaiB  {5*30  xev)  ubbO  durinp  SEM  can  cbubc  darBaga  to  polyitar 
surfaces  and  nance  give  erroneous  morphological  observacione. 
Therefore,  SEM  wee  conducted  on  uncoaced  samples  using  low  voltage 
microscopy  (0, 5*1.0  Xev} . Unmodified  PHHA  used  in  this  study  has  a 


saj^les  graCced 


hydretad  in  discillad  an 


awAiuTMnancs.  Aftar  aging,  tacnpleB  weca  zinaad  with 
driad,  and  anaiyzad  with  X?s.  Contadc  angle  and  XF>S 


)raBoak  (tot  nyp/eO'C/thaura)  then 
2 Mted/?01rad/miB)  ahowad  a aigniEicanc 


‘ Sampla*  ware  renydraced  an  diatilled  wacar  fgr  IQ  ninueee  prior 


end  KSG-I^P/NVP  ftdlucions  (ir&Ered  aan^les.  Thia  augg«Bcs  that  tha 
gra£tB  obtainad  using  r‘PV?/NVP  and  XPD-PVP/NVP  aystaits  may  be 
xaaExictod  to  tha  dutatntoat  aur£aca  of  tba  aubscrata. 

Irradiation  of  gvp  aolutiona  li.a..  r*PVP  or  X90*PVP}  laada  to 
tha  forraation  of  aiacroradicala  ti.a-,  radioaia  on  tha  polynars 
chains)  follouad  by  incontolacular  and  intraioolacular  erossljnliiog , 
Sidca  PVP  aa  a good  watting  agants  Cor  PDHS  and  PMMA.  thaaa  radicals 
ara  readily  acoassibla  to  fraa  radicals  produced  oo  the  aubatrata 
eurfaca.  Graft  surface  copolymarization  can  charaEora  occur  by 

low  molecular  weight  radicals  and 


highly  incbile 


Surface  lonleley  i»  one  of  the  major  fecrora  «hioh  regulator 
polymer-tiaaua  interocciona . The  anioBle  polyeleotrolyte  boMuior  of 


bioaeciva  molaeulaa  rucb  aa  baparin  and 


anciclottioo  properties  hea  prompted  tns  aynthears  of  heparin  analogs 
biological  activities  ulth  atructural  faatcres  and  perhaps  produce 


e «naloo£  is  usually  acniavsd  by 

ra  surCeess  nodiEiad  by  ineroducing 


proparciss.  Xnagakl  ' 


e el  raparcad  sulfonic  a 


arcb,  vinyl  funotional  monomoi 


contaibing  sulEonae 


.un  Bulfopropylmachecrylata 


^nereaaflB,  perhapt  becauaa  ot  ion  pair  formaeion  u 
aitacrnacalic  rapulaione.  The  polymariiacion  of  vinyl  nor 
ooQcaininp  carhonylie  anO  sulfonic  aeid  groups  ia  graacly 


SSAlMVP, 


irradiation)  obtained  fo 


isaA"’.19)  {a3)  . The  low  viiooflty  observed  may  possibly 
arise  irom  redooed  propagation  rate  due  to  eleotroscatic  repulsions 
batueen  tbs  lulEonace  anion  oe  the  monomat  and  that  o£  tna  gtowanp 
maororadical,  in  analogy  to  chose  reported  between  oarboxylate  anions 
{coo  ) in  free  radical  polymerisation  of  acrylic  and  methacrylic 
acid  in  the  6-*?  pH  range  where  the  carboxylic  acid  groop  is  fully 

To  enhance  grafting  efficiency,  different  presoaking  conditions 
were  investigated.  Bethod  (a)  consisted  of  ptesoaking  samples  in  tne 

irradiation.  Samples  were  immersed  in  grafting  solutions,  allowed  to 

irradiation.  Method  {b)  consisted  of  presoaking  in  40k  Hvp  at  60"C 
for  4 hours  before  transferring  to  the  monomer  solution. 

Sraftins  results  obtained  tor  presoaking  methodfal  snowed  no 


>r  grafting  w; 


Preeoaklng  in  iot  NVP  at  ecc  £or  4 hours  {i.s.,  msthod  (b)) 

lowor  contact  angloa.  Santpla  grafted  with  lot  SSA  gave  a relatively 


boraopolymarieation  kinetics  of  sulfonic  acid 


r nolacular  weights  and 


fiolutiona.  Total  concenrratione  £or  AMPSA/nvp  comonoitar  aolucians 


and  SPA/HVP 


viscosity 


copolytTwrizacion  of  AHPSA  with  HVP  waa  foaod  to  inprova  prafc 

wae  added  to  the  monomar  aolutions.  Waieht  oaina  ware  aigniCicantly 


analyaia  data  ia  given  in  Table  2*12.  Slanvencal  analyele  Co 


Zvto  thaughe  SPKA  polymerizgt  in  eolucion 


nsssur.Bl*  wnlght  gain,  eantsct  angle  of  47») . Maulca  of  x?s  given 
in  Table  2-12  indioace  no  decectabla  aulCur  for  5PHA*g-?KnA,  SPHA 
migbt  have  limited  coogiaeiblllty  with  ?KHA  and  might  not  easily 
copolymerite  with  NVh  for  ateric  reaaone  aa  teportad  for  some  other 


flaanta  ioduced  grafting  of  K3PA  to  PUMA  yielda  hydrophilio 
avrfacas  and  significant  weight  gains.  KSPA'g*PHHA  prepared  using 


d grafting.  This  ia  particularly 


PDH5  aarplaB  tlcDtx4cmxl . Bi 

enlutioni,  vacuum  dageaaed,  tda 


h typical  waiglit  of 


ih  (KVPivinyi 


Aa  afioun  In  Tabla  3-13,  grafting  of  SS*  onto  POMS  yialdad 
hydrophilic  aurfacaa  and  aignificant  usignt  gadna.  Similar  reaulta 


Tabl«  2*L3  .GraviaiBCrie  analysis 


SsajNvs  Cone, 


3SA-CO-KVP  •Iflnificantly  aCfecrc  tne  prajiartiaa  of  P&H3,  Tho  prasonco 
of  large  amounca  of  polyfsSA-oo'HVP]  vithin  the  PPMS  may  cauae  cha 
formation  of  mlcrodomoloe  which  affoec  optical  and  inachanical 


radical  pelymarization  of 


zino  Biaeroradical  docraaaa  eho  raca  of 


polymerization  and  hinder  the  attainment  of  high  molecular  ueljnca. 


e rasuica  of  aolubion  vioeoalty  obtained  hi 


y low  radiationa  doaae  eapecially  at  AHPSArNVP  ratio  of 
y be  due  to  eoma  donnor*aecaptoc  character  for  chia 
(1051.  copolymerlzation  betueon  atronp  electron-donor 


a proatly  increased 


radiation. 


eoncflncrations  ranging 


signiEioant  waighr  gain  <1.9a) 


aina.  The  moat  algnieicant  weight 


of  Zil.  he  discuBsad  earlier,  high  chain  mobility  ol  PBMS  may  allow 


better  diffuaion  oE  KSPA  into  snbatrare  and  hence  improved  grafting. 


1 rad/min)  in  Figure  2 


m additional  a 


aesioned  to  the  amide  carbonyl  of  poly(AHPSh} . Further  evidence  of 
graEting  io  provided  oy  XPS  anelysia  which  gave  a AMPSA-g-PHiS 
elemental  compoaltion  containing  l.c*  aulfur.  ptib/ats  analyaie 


JU-J^ 


J ^ 


31‘tO  2230  !>t20 

UlftVENUMBER 


s of  pc>ly{KS?A}  ( 

grafts  diffiekilt  to  d«t«ce  by  mi 
ths  prasanca  of  a significant  omoi 
2. <.3  HvCroDh.l.c  sarfseg  Moaific. 


1 Bvdfoiinilte  iurfgca 


■s  poly(SSA) 


enaractarisad (106) , 


'^□□0  31^0  2280  i420 
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EGO 


Laraaon  (107)  haa  praparaS  and  avaluated  PHMA  lurfacaa  rudifiad 
wich  HA.  Tha  machod  of  praparation  conaiacad  of  introdueiao  priaiary 
amine  groapa  on  PMMA  aurCacaa  by  pbyaical  adsorption  of 
polyaehylanaiaiina  (PBX)  with  a MM  of  50000.  HA  (l.falO^  KW>  woa 
activated  by  reaction  with 

»-othyl*N' - (3 'dimathylamino'propyl) *cazbodiimida-hydrochlocida  (EDC) 
tJlan  allovad  to  react  with  tha  aminaced  PMMA  eurfacea.  HA  modified 

aubatancial  reduction  in  granulocyte  activation  compared  to 

have  aome  anticlotting  properties,  Using  similar  surface 
modification  technique.  Pagerholjo  at  al  (108)  have  evaluated  the 
corneal  endothelial  cell  ptotaetion  afforded  by  HA  surface  modified 
PMMA  lOLs  using  SQi  and  staining  techniquaa.  HA  modified  PMMA  rota 
have  been  found  to  cause  aiguif icantly  less  corneal  endothelium 
damage  than  unmodified  PIdiA  XOLa. 

Tha  obiacciva  of  this  atudy  was  to  prepare  and  evaluate  HA 
modified  PMMA  and  POMS  surfaces  using  gamma  induced  surface 

iimiobillalno  BA  on  polymer  surfaces  by  incorporation  into  hydropbilie 
surface  grafts  which  ace  covalently 


surface  grafea. 

directly  attaching 
(PEI).  In  addition,  hydrophilic 
enhance  the  etebility 


hi^h  viieoBity  c£  aquaaus  floluraona  at  very  1( 


visaoua  monomar  aolutiona  occura  earlier  durln*  polyimriiaeien 

a Burlaea.  HA  waa  ehetafore  used  at  relatively  low 


The  graCting  nathod  conaiated  of  two-atap 

preparation  of  a PVP  pragraft  by  praaoaking  in  <0t  wvp  at  60*C  for  4 
houra  than  tranaferring  to  15*  UVP,  irradiating  to  a doaa  of  0.09 

dried.  Tbe  aacond  atep  conaiated  of  tranaferring  dry  pragrafted  PHMa 
aamplaa  to  agueoua  eolutiona  of  HVP*co-HA  with  10*  total 
concentration  and  HArNVP  catloa  varying  from  1:9  to  4:6.  ganplea 
wara  dagaaaed  prior  to  gamma  irradiation  to  a doaa  of  0.06  Mrad  at  a 
doaa  rata  of  701  rad/min.  Tba  two  acap  grafting  procaaa  waa 
epeclally  deaignad  for  cnoleculee  which  are  radiation  aanaittva  (a 
polyaaccharldas.  protaine,  aniymaal  and  has  aevecal  advantagaa.  The 
eapoeure  of  labile  molaculea  to  high  radiation  dcaea  ia  minimiced. 
Hydrophilic  PVP  pragcefte  formed  in  the  firat  step  may  have  aone 
affinity  to  NVP-eo-HA  aoletiona  and  may  make  free  radleala  produced 


The  face  Chat  cheee  crafting  raacelona  oi 
provide  hydrophilic  PVP  grafta  to  vhich  I 
The  reeulta  of  grafting  ei 


IB  covalently  bound. 


g a nononer  aolutton 


TeblA  S *26  .Gcaviinfttric  analysis  and 


' First  acao.  Fresoak  iot  ltvP/eo'C/4hra . then  tcanaler  to 
dspas  and  Itradiaea  to  0.0»  Mrad  at  701  rad/iain.  Wash 
^jaESIl3_l£9&'  Transtsr  ca  NVP/HA  aelacion,  daaas,  cnan 


Srookflald 


followed 


hydrodynmlc  voluni,  only  small  m>l«eul«  can  panacrata  tha  donain 
ocoupiad  by  HA  aiolaeulea.  large  molacules  (e.g.,  collagen. 


occupied  by  HA 


■ a accaaalbla  ci 
Grafting  of  H 


A Bolutlona  gave  aigniCic 


for  grafting  raactiona  aapacially  higbly  nobila  low  molecular  weight 
macroradicale  whicb  may  have  higher  colliaional  fragoancy.  In 
addition,  NVP  ia  a amall  molecule  which  can  panetrata  the  large 


sacendary  esiida  carbonyl  prasant  in  KA  (Ci 
additional  ctiaracceriacic  paal  obsarved 


diacillad  wa 


ctiataetoriatic  ol  polyaaccBaridaa  and  ii  aaiignad  to  the  HA  Bydroi 

tha  aacond  atap,  praftad  aan^laa  wara  waahad  in 
ir  at  5D"C  eot  3 daya.  chan  in  diitillad  wacar  at  roc 
>r  d dayi  aa  daacribad  in  aacCion  2. 3, 2, 2. 4.  Thia  wi 

adaorhad  or  unbound  HA.  PTIS/ATH  analycii,  tharafora,  providaa 
atronp  evidanca  chat  HA  teas  aiiaecively  incorporatad  ineo  eba  graf 

conclualvaly  ahow  tha  praaanca  of  HA  within  eba  graft.  Howavar,  a 
Bhown  in  Tabla  2*12  the  eleinantal  coenpoaieion  of  tha  grafte  where 
waa  uaad  ia  aignif icantly  d 
prepared  under  tha 

lD«HVP/0,06  Hrad) . An  incraaaa  in  bo 


within  tha  P' 


a 

<r 
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ill  be  dabecbed. 


<.1.1.2  lewe-c. 


polyelectrQlyte,  id  alBo  compatible  with  monovalent  {e.p.,  potaaeiuoi) 


17 .Qravinvtric  analyeie  and  e< 


Presoak  40«  HVP/6(l'C/4hr3.  then  tranefar 
gepond  step:  TranaNr  to  hvp/cmc  aolntlon,  dagasa,  t 


' Viacoaity  was  meaautad  at  2S**C  using  a Brookfield  viaometer  OV  II 


(1S%NVP/0,Q9  Krad  folldwad  by  4.0%  CnC/ll.D4  NVP,  a.0€  Hrae 


Hrad  £ollowad 


Tbia  Buggaacs  theb  subBtantial  coverage  of 

gravimetric  anaiysia  which  gave  aignlfiicant  weight  gam  for 


th  the  Btoehlometry  oC  ( 


O 1 1 1 

;tOOO  Bl'iO  2200  i'i20  560 
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TR  spActcum  of  ICMI 
rsoesi  ;'.StNVt>/0.t) 
O.OfRrid) . 


(theoretical) 


O.OSMrad  then  bracaCared  to  (Hi  HVP/  CtiC)/0.0 


9.GraviBtetrxc  analyeis  a 


Second  atep:  Transfer  i 


HVP/60°C/<tirs.  then  cranstE 


- VlBoosicy  vas  measured  at  using  a Brookfield  visometar  DV  II 


UJ  (\J 
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- FlrBl  acao!  praaoBk  <D»  IIVP/SO»C/«lir«,  then  cranafer 


NVP  irradiated  to 


at  70J  rad/nin  £c>llcwad 


I Analviii  at  B 


P and  Oie  ee  wvp  Pelvmar  Solutiom 


ia  often  more  difficult  t' 


2.< .4 .1  GPC  analvaie 


' ^000  iKo  iiio  uio  sbo 
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Btep-procMS  tI5*NVP/0.l5  «rad:  li%  KVP/ 

4t  CHC/Q.oeMrad) . 


by  KhDdbx  (T9R  Gal) . Polyathylane  oxida  arandarda  ware  uaed  co 

which  has  been  Eilearad  chcouoh  a 0.45uni  TeElon*  filcera  chan 


] were  eiffnlCicantly  differene  t 


also  yield  radlcale  that 


Mn  (xJ05)  MWD 


ircadsetad  aeparately:  praparad  by  miaing  4.0a 


(y°  (y'°  0" 


aiol6alc«l  Ev»lu«nani  of  5urt«c»  BeJi  t i«d  PHHA  . 


In-v 


i.4.5.1  Corn«al  «ndolh«lial  cell  damaga 

investigated  with  the  eoegeration  of  Paul  Martin  end 
Nsttori  using  an  instrument  deeigned  and  huild  In  our 
laboratories (60] . The  test  oonsisted  of  contacting  rabbit  corneas 
with  PMHh  stubs  (modified  or  unmodified]  under  controlled  conditions 


. KiSoyuHi 


Figurft  2*53,  These  studies  suggest  thet  substantial  protection  o£  the 

vodiCjcatlone. 

2.l.5.2.1n-vltro  aJhaaian  and  anraailino  ot  rabbit  lens  epithelial 

qualitatively  invostigatad  for  different  modified  PMMA  surfaces 

In  contrast  to  ujunodified  PMKA,  (y-PVP/NVP) -g*  PKHA  prepared 


!■  Dot  eneluslvftly  du»  co  tbd  hydropbilicicy  at  thasb  eurfaeaa  but  ta 

inhibit  adhaaion  a£  napativaly  charpad  calla  through  a: 

apraading (54) . 

nagativa  aurfaca  charge  danaity. 


m and  apraading  oE  1 


by  rbducad  crobbin  adborpbibn  anb  ibbraased  onaiD  CXaxibilicy  induead 


apithalial  ceXla  wara  not  iDvaatigatad  on  AHPSA-g- PMMA,  SPHA-g-PHHj 
or  (SPHA'CO'irvp) ‘o*  PHKA  bacausa  of  the  oraftinb  levela  obtained  fa: 

2.5  Contlueiona 

polymer/iBonomar  eolations  U.a.,  KSO-PVP/MVP  and  y-PVP/NVP) 


40tHVE'/C0'C/«hr>  (4»,AMPSIl;llVP  ratio  of  1:4, 


R5PA*g'PHHA  praparad  with  praeoak  40aNVP/60«c/4hrB 


d nomogdneous . 

l.PMMA  ■urfaca  gcafca  piapared  uiing  1C90'?VP/NVP  and  y-PVP/NVP 
aquaoua  aolutiona  eupparcad  virtgally  no  lana  apltnalial  call 

nononara  including  atyrana  auUonic  acid  ISSM  , 
acrylanidO'machyl-propana  aulfonic  acid  (AHP9A) , pocaaaiuin 


9. Hydrophilic  prdfts  o£  lulfoDlc  mi 


MP3M,  and  XSPA  grafting  on  both  PMMA  and  PDMB  waa  enhanoad  by 

10.55A  and  K5PA  BiodiElad  FMMA  aorfaoaa  aupported  aubatantlal 

intareat  an  daaagning  aurfaoaa  which  support  call  prolif sration  euoh 

IZ.Hcadiation  graft  copolyaisriaacion  of  anionic  sulfonic  acid  vinyl 
noaoiaBrs  with  Hvp  produced  aurfacaa  with  graatly  rsducad  call 

13 .Hydrophilic  grafts  containing  hyaluronic  acid  (HA)  and 
carboxyanthylcslluloas  (CHC)  on  PHMA  and  PSMS  wars  aynthasitad  using 

atap  conaiscad  of  preparing  hydrophilic  PVP  pragrafta  using 
ralacivaly  lower  radiation  doeaa  (0.09  Head  for  PMHA  and  0,15  Krad 
Cor  PDK9) . The  second  step  coneistad  of  ganma  grafting  HA/HVP  and 
CHC/NVP  pixturaa  using  lower  radiation  doses  (0.06  Hrod) . 

Hydrophilic  aurcacee  ware  obtained  for  both  PMHA  and  PR19  (contact 


«.  graft  yields  varied 


IS.MolflculAr  weight  onalyaii  o£  grafting  BOluciona  (i 

Burfaeaa  cauaa  aubatantially  lass  adhaaion*inducad  damaga  to  tha 
ccmeal  andoehalial  calla  (10a  danaga)  in  coingarlaon  to  unmodiCiad 

call  adhaaion  or  apraading  and  may  Qa  oC  incareat  for  lOL  aurfaca 


TISSUE-PROTECTIVE  HVS80PHIL1C  POLTHES  SOLUTIONS  AND  MEMBRANES 


Th«  uea  of  hydrophilic  polymer  ■oluclons  ij 
can  ba  eracad  bach  to  tQ'a.  During  world  war  II,  polyvinylpyrrolldona 
{PVR}  flolucione  ware  used  as  plaama  expander  wish  lurprleingly  few 
aignificane  advarae  reactions.  Over  the  past  fifty  yeata,  hydrophilic 
polymar  solutions  of  natural  and  aynchatic  origins  have  been  the  subject 
of  excansiva  research  (114) 
pharmaceutical  industriaa, 
toward  natural  polymere  which  are  water  eoluble  or  can  be  rendered  water 
soluble  by  chemical  modification.  Dextran  aolutione  have  bean  used  as 
Plasms  expander  but  have  bean  shown  to  have  some  adverse  physiological 
behavior  (i.e,.  inhibition  o£  clotting} . The  use  of  hydroxyathyl  starch 
solutions  for  regulation  of  osmotic  praaeure  in  blood  subscitutae  has 
also  bean  reported  {IIS) . 

The  biooorDPatibility  and  varsatility  of  hydrophilic  polymer 
solutions  have  prompted  interest  in  their  potential  use  in  surgery. 


davieaa.  The  use  of  such  solutions  in  ophthalmic  and  abdominal  surgery 


related  applications 


e PolviMr  SeluclBin  In  Ochtfialiiiie  i^ra.rv 


' practie*  of  opbthalimo 

. facilltata  tleau* 


aurgary.  Theaa  viacoalaatic  a 
fragila  ocular  ciaauaa  duriog  aurgary  ai 

Tha  concept  of  uaing  a viscoua  nacarial  in  aya  aurgary  goaa  back 
to  tha  aarly  SQ'a  when  Pautigua  and  atialler  uaad  human  cadaver  vitreoua 
CO  manipulate  tha  datachad  retina (116, 111) . The  search  for  a aubaclcuta 
to  tha  natural  vitreoua  which  may  be  used  as  a surgical  tool  inmediataly 
followed.  In  1956,  aalare  suggested  the  uaa  of  hyaluronic  acid  (KA) 
Bclutione  for  this  purpose  Clig)  and  considerable  efforts  were  directed 

prevent  tissue  damage  during  lOl  implantation  was  pionaered  by  Miller 

first  film  festival  on  lOL  implantation  in  Cannes  Co  dssignaca  Che  use 
of  viscoelastic  materials  in  ophthalmology  (121) , These  substances  have 
since  been  used  in  a wide  range  of  surgical  procedures  and  have  become 
an  invaluable  surgical  tool  in  ophthalmic  surgery  (122,123.124). 

No  one  substance  may  be  ideal  for  all  ocular  applications.  Tha 

matarlal#  with  a wida  range  of  physical  p 
viecosurgary,  a baccar  understanding  of  C. 


daairad  properties. 


•lAseicicy,  aj3d  tiiiuB  afEioity,  Under  scecic  conditiensr  sero  ebear 
viacosicy  ia  an  inportanc  cbaracreriecic  g£  viacoelaetics.  Higb  aero 


bo  inhibicod  by  hydrophilic  surface  mcdiCicstion  of  iinplanc  nacsrials. 

basA  alpnificsAcly  reduced  by  Che  use  of  viscoslaseics  {131,112,134). 
The  proceccioA  of  the  cocheal  endocheliuic  afforded  by  Che 


due  CO  Che  abilicy  of  these  soluciohe  t 


1 lOBcabalic 


a Enaleoular  waighE  {0,6  x 10^)  and  lack 


proliferation.  Tissue  plasminagen 


supports  fibroblast 


3. 1.2. 3 Kvdrophilie  eolvsisr  solutions  in  suraicsl  sahssion  prsvsntion 

have  bssn  invsstigstsd  for  the  prsvsntion  of  surgicsl  sdbssions.  Tnsss 

wars  rsportsd  to  show  promising  results  {1601.  However,  recent  clinioel 

reduce  adhesion  fornetion  Ufl) . In  addition,  such  solutions  have  Osen 
impliceted  in  severs  allergic  reactions  and  exoessive  peritoneal  fluid 
accumulation  {162] . A number  of  other  hydrophilic  polymer  solutions 

blooH  copolymers  of  PEO  and  PPG  (Polaxomer) , mathylcellulose,  CHC,  and 


aceclbutod  to  auporlor  tisouo  ooatability  Mhioh  pcavonted  biroct 

cavity  waa  elao  baliavad  to  afford  prolonpod  procaction.  Solutiona 

liibricacing  propartiaa. 

Thaa  affaet  la  oftao  daaori&ad  in  tha  litacatura  aa  a *'Biliconisino'* 


a Bolutiona.  appliad  a) 


tharafora  baan  no  penaral  olinicol  baa  of  tnaaa  agai 
3.1. 2.4  Pravaneion  of  adhaalon  fematlan  by  pravant. 


dajneoe  oan  ba  caused  by  manipulation  of  intamal  OEgana,  inadvartenc 

eoatinga  appliad  to  tiaaua  aurfaoaa  and  Burgical  ii 


flolutione 


tissuA  protaetivo  coacing  in  abdominal  aurgary.  Tha  acabilicy 

polymorpRonuelaar  laucocrytaa  waa  alao  inveatigaced. 


1.1. 2. 5 pQlvmar  m, 


t auralcal  adBaaiana 


afficaey  of  tbaaa  aiatariala  aza  contradictory  and 

blodagradabla  and  thaea  mambranaa  naad  c 


rana,  IHTERCEED*  (TC7). 


(ISO) . Additionally,  atudiea  in  t 


B laboratory  au^^aat  that  TG-' 


inaolubilizino  CMC  Eilioa  ware 


propartiee,  which  inpart  aona  oniiiua  rhaolagical 


nainly 


3-3,  th*  rutrietad  coll  Elaxibllity  oE  CMC  la  due  tc 
linkages  betwsen  repeating  unite  which  slgnlElcantly 

groups  has  also  bean  Implicated  In 

(163) . The  structure  of  HA  is  also  shown  in  Figure 

(1,3^)  which  la  expected  to  allow  a higher  degree  of  E 

HA  chalna  have  bean  shown  Co  be  much  aciffer  than  CMC 


atlffeneac 


Carboarymtinvlollulnaa 


CBjCKHjCOO  ’»»* 


.*  B H OK  J 3 ^ H HHCOCHj 
Altbrnating  1,4  and  1,3  0 linkagaa 


incerresidu*  hydrogen  bonding  which  provide!  HA  noleculBB  wirh 


polyinor/solvene  inceraccion,  cha  ran^aracura,  and  tha  nolacular  weight 


e--a/lnl  (3.2) 

viseoalty  which  la  proportional  to  ch*  molocular  waighc  accordlop  to 
Kark'Houwiok  ralaeionshlp: 

[1)1  ■ K m“ 

Tha  conatant  K la  ralatod  to  tha  polymar  backhona  atiiinaaa,  and  tha 

a Ini  . Thia  dimanaionlaaa  paranacar  la  a maaaure  of  cha  total  voluina 
occupiad  by  all  coila  within  a polymar  aolutlon  rapardlaaa  of  thair  typa 
and  molacular  waipht  (186).  Ganaralizad  behavior  of  polymara  are  often 


ant  of  elhJ  . 

A major  diffieraoca  between  flaxibj 

rapima  occura  at  much  lower  eoneantration  and  coil  overlap  p 
to  tha  onueually  hlph  hydrodynamic  volume  of  cba  polyaaccharidea.  Thia 
difference  oripinataa  from  the  fact  that  ionle  polyaaocharide  molaculaa 

coil  geometry  (163) . Thia  allowa  coil  overlap  a' 


primari ly 


c hydrophilic  polyioBc  clinicolly  uo«d  Cc 
viscoolascic  ■oluclons  and  ochar  bionadieal  uaas. 

3.1.}.]  Bhteloav  at  eoncantratad  oolvaaeeharlda  aelci 

pradominatea  and  iha  £low  bahavior  ia  dictabad  b' 

iabarpanacracion  occura  and  cha  taocion  of  tha  polynar  chaina  ia 

intaracciona.  Por  aynthacic  polymara.  Pachrick  ahowad  chat  eopolopical 

10  (198) . In  polyaaccharida  aoluciooa,  however.  eionificanC  ooil 

t c(nJ*4,  and  zaro  ahaar  vlacoalcy  incraaaaa 

"junccion  zonaa"  babwaan  acrueburally  and  oonfomacionally  rapular 
chaina  aaquancaa  which  acb  aa  phyaical  croa8lin>c8  (190)  . Savaral  abudiaa 
8howad  bhab  analogoua  ordarad  acrucbaraa  jnay  ba  adopbad  ii 
aolubiona  of  polyaaechacidaa  and  may  axplein  dapazburaa  f: 

parbicipaba  in  aavaral  junebion  zones  eilBulcanaou81y  bharaby  allowing  a 
oerbain  dagraa  of  " czoaalinkioo" . Hosb  of  bha  polyaaccharidaa  which 
eahibib  sach  bahavior  in  solubion  poaeess  random  coil  gacmebry  and 


sharply  w 


arialB  and  Halhoda 


1.2. L Materials 

3. 2. 1.1  gatbe«VTMCnvlc«lliiloi 


Alcon  aureiaal  Inc. (Fort  Worth.  TX) . 

3. 2. 1.2  AnnoxiAanta  and  othor  raaoanta 

Farroua  eullata.  calcium  chloride  heptahydrata.  dimathylaulEoxida 
(DKSO) . and  catalaaa  from  Piahar.  Ethylanadiaminatacraacatic  acid 


£ carboxylic  group. 


Fijur. 


finally  ronovod, 


baeearlal  attack 


■tablliey,  OiC  oolutionv  a 
Spacial  care  ahould  b«  takvn 


b«  taat  ablutions.  All  of  tno  solutions  used  in  thi 


syatsinatlcally  pcoparsd  as  dsscribsd 


riguEO  3*7.  SchMiacie  drawing 


n apparatus  u 


aolutidna , 


Solulian  a'ltoolaving 


coaductad  to  find  appEopriate 


K lolucion  o£  IV  CKC''THPK  filtared  throuph  a 
yiald  a poad  viacoeicy  (1200  Cpa)  Cor  COia 


application.  CMC 


'o  minimiz*  film  swelling  and  csorino,  tllroughouc  cha  crosslinJcing 
xcurs  o£  aquaoua  calcium  chlorids  and  acatona  was  uaad. 
Calcium  chloride  in  lea  cryacalliaa  fom  is  not  eoluOle  in  acacona. 
Howavac,  aquaoua  solution  o£  Calcium  chloride  combined  with  acatona  Eorm 


d pXace  BrdoXCiAXd  v 


splndl*  CP*! 


Th«  rh*oloffical  propaztira  a(  polynar  aplutioni  ara  of 
caaaiderabla  aciancific  and  taohnolooical  Inearaae  and  a nujnbar  of 

Due  Co  chair.  bioooDTpacibrlicy,  acabilicy,  and  aoluciona 
proparciea,  CMC  aoluciona  appear  to  be  proralairtg  for  uaa  aa 

prevention  of  aurpical  adheaiona.  In  the  preeant  work  a ayeceinacio 
invaetigacion  o£  the  rheology  of  a modified  calluloaic  polyaaccharide, 

3.3.1  RheoloBV  of  CMC  Soluciona 

3. 3. 1.1  Effect  of  eonoeneraclon  on  ■rare  ahear-  viaooiitv 


r*pulBlons,  hydrogan  bonding,  and  chain  •oilfenass  and  will  be  dieeueaed 


flow  behavior  of  CMC  aolutione,  the  ef 

chain  aciffneaa 119a) . CUB  ia  a vary 

dinanalona  can  be  axglainad 


flaaibili by. 


A high  degree  of  scene  oroxtfding  and  possible 


ined  for  CMC  solucione  at  relatively  low 

Signifioanc  call  overlap  and  penecracion  occur  ac  ralacively  low 

aigniCicanely  higher  chan  chose  obtained  for  high  HW  nonionic  aynchecie 
polynara  of  similar  MW's.  Thia  indicates  chac  flow  behavior  of  CMC 
solutions  is  due  co  ocher  molecular  inceraocions  in  addieion  to 
topological  entanglements  Been  in  synthetic  polymers. 

The  polyeleccrolyte  oharaccer  of  CMC  la  clearly  partially 

Polyalectrolyte  polymer  solutions  show  significantly  enhanced  viscosity 

of  eleecrostacio  forces  on  shear  viacoeity  of  CMC  solutions  was 
inveati gated. 


prepared  in  100  ml  flaaka  as  described  in  seotion  3. 3. 2. 2 and  allowed  co 

were  tranaferred  co  SO  ml  flaska  and  NaCl  added  to  the  desired 


i.  tightly 


reported 


coupling 


This  dspsrturs  from  th«  gonaraiizod  Di 

polyaerylie  sold  solutions  in  chs  prsasncs  < 


Dslisvsd  to  bs  local  ri 


CMC  solutions  csn  bs  sKpXsinsd  by  tbs  fomation  o£  orgsnizsd 
intomolsoulaz  cbain  segments  similar  to  those  seen  for  gels  but  of 
lower  density  and  shorter  organisation  time  scales  as  depicted  in  figure 

differential  scanning  caloriisetry,  solutioo  viscosity  measurements,  and 


mechanical  manipulation,  hydrophilic 


FiguEfl  3'12.  Schwnatle  drawing  of  intarmolacular  organizacion  of  chain 


Log-log  plots  oC  (|'^8  B 
Pigurs  3-14,  vsluss  o£  n Eor  diffsrsnc  ci 
Tsbls  3-1.  Inspsetion  of  sguscion  {3.9)  tsvesls  that  high  a)3BoLutB 

pronouncsd  for  coneantratad  solutions,  ror  diluts  solutions  tns 

and  arlsss  from  alignemant  o£  molsculas  in  ths  dirsotion  of  flow.  For 


in  the  time  required  to  form  new  entenglernents . Thus,  as  shown 
Totles  J-3  and  3-4,  the  extent  of  shear  thlnnioB  is  higher  Jar 
d solutions. 

3 meet  of  Jilterino  end  eutoelsvino 


oJ  paramount  lit^ortance.  This  ie  especially  important  Cor  chose 
hydrophilic  polymer  eolutione  to  be  used  for  ophthalmic  surgery,  h 
surgical  solution  should  be  Craa  oC  Corsign  particles. 

structure  such  as  residual  fibrous  material  from  processing,  or  gel 
particulate  can  clog  the  trabecular  mashwork  and  causa  lOP  increase. 


connercially  available  polyacrylamide  viscoelastic 


recently 


Filtsation  of  viacoas  polyner  solutiona  ia  difficult  bacauaa  of 
cha  force  raquirad  to  puah  antanglad  nolaculae  through  email  diajnatar 
filtare.  Tha  faaaibilicy  and  aaaa  of  filtration  ia  govarnad  by  cha 

thinniag  behavior  of  CMC  aolucione  ia  a eiohificant  advantage  in  cha 


Several  atudiao  h 


a polymer  aolucioh  d 


acudiaa  on  the  rheology  of  filtered  and  autoclaved  CMC  aolucione  ie 
diaouaaed  for  two  CMC  graded,  7Hr?H  and  7H4P. 

Figure  3*16  above  the  affect  of  filtering  and  autoclaving  on  aero 
shear  viecoaity  for  varioita  CMC  concencraciona . Independent  of  cha 
grade  used  and  concentration,  the  viacoaicy  was  increaaed  by  filtration 

autoclaving, Che  viacoaicy  was  reduced.  When  the  ooncantration  was 


i meaduring  th«  molgcular  waighr  and  molacular  waighi:  diatribucion 

nada  Ll*Ping  Yu  at  Genayma  corporacign  uaing  light 

CtIC*7HPPH,  tha  walght  avaraga  IM  d^}  oC  Ciltarad  aolutioaa  has  slightly 

trand.  Piltarad  aolutiona  oi  CHC*7K4P  ahowad  3Qa  incraaea  in  Hw,  461 


luaa  o6  graatar  dagraa  of  fz 


procaaa,  chaaa  low  HW  eggragatas  may  ha  ratainad  in  tha 

with  a highar  population  of  longaz  chains  is  axpactod  t 

Tha  assanca  of  tha  “junction  sons'*  nodal  discusaad  in  saction 


nay  ba  formed  by  short 

During  tha  filtratzon 

:Bt,  a solution 


..  Holaeular  waighc  for  CKC-7HFPH  and  CMC-' 

(lOg)  and  afcar  filcracion  Collowad  by  aueoelavlng 


filtration 


molAfiular  weighc  Bp«c:i«i  for  local  scpmcncal  i 
result  in  reduced  "croisllnk"  density  end  hence  lower  viscoeity.  This  ' 

The  effect  of  eucocleving  following  filtration  can  also  he  seen 

the  viscosity  is  concentration  dependent,  viscosities  of  autoclaved  a 
solutions  ere  reduced  below  a critical  concentration  and  increased  eho' 
r CHC-lHypH  (0,9x10°),  the  viscosity  was  reducei 

autoclaved  solutiona  showed  an  increase  in  viacoaity.  Solutions  of 
CMC-'’H4P(l,aalO^)  exhibited  the  some  trei 


c* (CMC*7MP) eS ,0e , The  effect  of  autoclaving  appears  to  be  related  t> 
Cdhpoeite  property  of  mclecular  weight  and  concentration  which  is 
usually  indicative  of  a property  related  to  the  occupancy  of  space 

parameter*',  c(h),  which  is  a measure  of  the  total  volume  occupied  by 


Intrinsic  viscositiss  wsrs  abtninsd  using  KsrJcKouwink'Salcurada 

[ii1=1Cm“  (3-lP) 

Where  M ia  the  number  average  MW  obtained  by  Xaeer  light  scattering  0?C, 
Kel.O  X 10'°  dl/g  and  ael.iO  were  obtained  from  Polymer  Kandbook.  The 
reaulta  are  shown  in  Table  P't.  It  appears  that  the  increaae  of 
viaeoaity  upon  autoclaving  occurs  at  comparable  values  of  e-[Tile364,2  to 

have  reported  a general  transition  behavior  from  a dilute  regime  to  a 
concentrated  regime  for  a wide  range  of  natural  polymers  baaed  on  cInJ 
(194) . They  showed  that  Che  cranaition  oocura  at  cfnl  values  of  about 

Chat  at  relatively  lower  valuee  of  c[i]]>  the  polymer  chains  still  have 

during  autoclaving,  analogous  perhaps  to  thermal  annealing  processes  to 
enhanoe  crystallization  of  polymers  between  Tg  and  Tm.  Intermoleeular 

reduced  by  autoclaving.  The  disruption  of  "junction  zonsa"  by  thermal 

autoclaving  is  lees  pronounced.  This  is  probably  due  to  increasingly 


polymer 


obB0rvad  upon  autoclaving. 


flJincrinaic  viscosity 


C^’eoncancration  at  which  incraaaa  oC 


A critical  value  o£  cfnl  la  caache 
cbe  autoclaved  aoluclona  ia  higher  chan 

aignifieant  increeae  in  the  viacoaity.  Thia  can  probably  b> 

The  eigniticance  of  these  findings  resides  in  the  fact  Chat  the 


3. 3. 1.3.1  Effect  of  fllterino  and  autoelavlna  on  shear  chtnnina  behavior 

In  this  section  the  effect  of  filtering  and  autoclaving  on 
peeudoplaatic  behavior  of  CMC  aolutiona  was  reported.  Shear  thinning 
behavior  of  filtered  solutions  of  CHC*'3HrPH  {900,000  MH)  ia  shown  in 
Figures  J-IO  la)  and  3-17  (b) . The  effect  of  filtering  followed  by 
autoclaving  is  shown  in  Figure  3-lB{a)  and  3-lS{b).  The  effect  of 
filtering  and  autoclaving  on  the  pseudoplastic  profile  for  some  CHC-7H4F 
CIO®  MW)  ia  a)l0wn  in  Figures  3-19  and  3-20  . Filtering  and  autoclaving 
do  not  appear  to  significantly  affect  shear  thinning  behavior  of  CMC 
solutions . 


influenced  by  molecular  weight  distribution- 
polymer  chains  do  not  interact,  the  polymeric  ci 
rheological  properties  is  obtained  by  single  additive  blending  1 
conoantrated  solutions,  the  rheological  behavior  ia  dominated  by 
topological  entanglements  end  specific  intermolecular  ii 


(cp«l 


.1  gtt«CI  ol 


»ntl  bififKlal  antriButii 


“i  QIC 


riffurs  3*21.  Viflcoslty  «■  function  of  porcont  of  7L2P  showing  a neoativs 
synargistic  offset  in  hlands  of  3KPPH  and  '7L2P.  Brookfisid 


chains  for  Junction  zonas.  sines  shore  chains  pareicipata  in  a 1 

CMC-7l.ap  is  shown  in  Pijura  3-J2  whsra  viscosity  was  ploeead  apai 
ahsar  cats.  A aolucion  of  2*  CMC-IHFPH  filtarsd  and  autoclaved  w 
pivas  a low  shear  viscosity  (viscosity  at  l.Q  s'^}  contparabls  to 

lina) . It  appears  from  Figure  3-22  that  aolutlona  of  binodsl  CMC 


spies  of  coRtparahla  low  shear  viscosities  (ca.  4G,0D0  Cps)  , the  daceease 
in  viscosity  with  increasing  shear  rate  is  much  more  pronounced  for  2a 


» viecoBity  ii 


£ specificicy. 


al.  have  propoaed  that  in  blende,  on  a eho 
ahaar  ratea)  tuba  Phanpea  are  dominatad  by  ah 

to  leaaar  extent  laaa  section  3. 3. 1.2], 

It  la  alao  possible  that  the  junction  t 
contribute  to  this  behavior.  During  shearing  o 
zones  -as  well  as  topological  antanolements-  . 
fomed.  The  time  scale  of  refomation  of  junction  !■ 
longer  than  chat  of  topological  entanglemanta  becaus 
In  the  presanoe  of  shorter  chains,  the  tine  scale  of  junction  zona 
reorganization  may  ha  shorter  because  of  higher  degree  of  freedom  and 
the  ability  of  small  chains  Co  reorganize  readily,  at  relatively  higher 
shear  rata, the  time  scale  of  segmental  reorganisation  may  be  shorter 
than  Che  ahaar  rate  reciprocal  and  nance  the  viscoaity  la  not  greatly 

be  possible  to  tailor  viecoolaocio  solutions  with  desired  rheological 
propartiaa  U.e,,  shear  viscosity  at  teat  and  shear  thinning  b 
viacoelastio  solutions  which  “shear  chin'*  to  a lesser  extant  { 

Viscoat*)  have  been  considered  to  afford  8 


r endothelial  c> 


solutions  during  storage,  h stock  solution  of  la  CMC 
prepared  as  described  in  section  3-3, 2. 2,  Aliquots  o. 


viseoAlasciaa  may  hava  acme  clinioal  iiDplicariona. 

aalutione  may  ba  aigoificantly  raducab. 

n wiaeoaity  h 


?or  aaampla,  during 
vieeoalaecic 


Cilearad  and  aucoclaved  axhlbiead  only  a alight  dacraaaa  in  viacoaity 


caus«d  by  microbial  ai 


hydrolytic  dagradacion  via  callulaaa  anzymaa  U97) , in  addition  Co 
being  the  prafarrad  method  of  atarilizacion,  autoclaving  (2tO*P  for  : 

degradation.  Heating  for  30  mioucae  at  80*C,  or  for  1 minute  at  100 

3.3.3  Bffect  of  O.vaan  Barlved  Fraa  Radleala  tocrael  on  Che  Paaradat 


auparoxidaa  which  are  a very  reactive.  Superoxidea  can  react  to 
generate  ocher  ODFRa  including  ainglat  and  hydroxyl  radicala  ae  shown  in 
Figure  3*24.  In  addition  to  chair  damaging  off acta  on  tiaauea,  theae 
apeciea  can  alao  cause  degradation  of  soluciona  and  membranes  used  for 
Che  prevention  of  poecaurgical  adhesion  formation.  ThiB  might  limit  the 
efficacy  of  films  and  soluciona  to  prevent  adheaiona  by  decreasing  chair 
residence  time  in  the  peritoneal  cavity.  The  goal  of  this  research  was 
Co  identify  the  reactive  species  Involved  in  Che  degradation  of  CMC  and 
HA  and  to  evaluate  some  agents  capable  of  inhibiting  the  detrimental 
effect  of  ODFSs.  The  extent  of  degradation  wae  avaluacad  by  measuring 

3.3.3  I Efface  of  ODfTIa  on  Hi 


1 hour  expoeure  t> 


» {al . The  control  sample  wi 

oansracad  by  aucoxidation  o 


FiBure 


vijcoaitiai  v 


0 pareancaffa  ci 


indicraeiv*  of  a psonouDcad  depEadaeion  of  KA.  This  dagradacion  ia 
halisved  to  oocor  by  glyeoeidlc  bond  elaavage  (69) . Slnglat  oxygon 
histidina  sboued  virtually  no  inhibition  of  HA 
: auggesta  that  this  particular  OOFR  doaa  not  play  a 
inaoor  rola  in  oxidativa  dapolynarixation  of  KA.  Singlat  oxygon  ia  }enown 

dapolyftarisation  of  polyoaccharidae  in 

Suparoxida  diamutaos  (SOD)  seta  as  a supsroxida  (Oj— ) aoavsngar 
to  pravant  tha  formation  of  hydrogan  paroxida.  SOD  affordad  doaa- 
oxidativa  dapolymerization  of  HA.  Tha 
5 *)  gava  ca  50»  inhibition  of  HA  dagradation. 
OB  la  raXativaly  nonraaotive  towards  polysaccharidas 

ia  oonvartad  to  hydroxyl  radicals  {OH*}  via  H2O2  in  tha 
:aea  amount  of  transition  matal  (a.g.,  rs)  as  dapictad  ia 
Tho  procactlva  offset  of  SOD  is  probably  dua  to  tha  fact 


aapacially  th 
Howavar.  Oj— 


oxidativa  proeasa  during  inf lajitnation  is  hydrogan  paroxida  which 

and  glutathione,  ware  used  in  this  study,  catalass  showed  relatively 

vary  aoluhla  in  water.  Glucathiona.  on  the  other  hand,  showed  a 
related  protactiva  affaot  up  to  70%  for  the  highest 
uaad  (O.S  %) . This  suggests  t 


t scavenging  H. 


degradation 


Hydroxyl  radical  Bcavanoara  Had  dlffaronc 


Honnicol,  ac  ralacivaly  high  conoencraeion,  showed  an 
oroceorion  aoainsi:  she  dagradarive  affacca  of  ODPRa . 

),  at  a relatively  low  conceDtration,  showed  almost  oontpleea 


(thours)  to  ensure  completion  of  the  reaction,  viacoaity  n 
are  ahown  in  Table  3-9  and  npura  3-26.  The  results  were  similar  to 
chose  obtained  for  HA  witn  the  exception  of  enhanced  stabilisation  by 
mannitol  which  appears  to  afford  protection  similar  to  DM90. 

In  surssary.  the  results  indicate  Chat  both  HA  and  CMC  are 
susceptible  to  degradation  by  ODFUs  although  CMC  is  muen  more  stable. 
This  degradation  can  be  partially  inhibited  by  compounds  capable  of 
acavenging  H2O2  thereby  preventing  the  formation  of  OH'.  However, 
agents  capable  of  acavenging  OH*  were  the  most  effective  in  preventing 
: appaare  tnat  OH'  is  the  major  ODHH 
s oxidative  depolymerication  of  HA  and  CMC. 


.e  degradation  o 


Hydroxyl  radicals  are  vary  reactivs  towards  polyoaccharides  in 
general  <20f) . The  main  mechanism  of  degradation  involves  glycoBidic 
bond  olsavage  leading  to  lowering  of  the  nclecular  weignt  which  is 
manifsBted  as  reduction  of  the  viscoaity  of  agueous  solutions.  It  ia 
rate  for  HA  appears  to  be 


viKfltttY  igeu 

b0£ord  F0/EDTA 


e surgical 


been  inveetlgaced  £i 

I afforded  by  suen  membranes  may  be  useful  in  reducing 
tevericy  of  surgical  adhesions.  Several  membranes  have 
1 evaluated  for  use  as  surgical  adhesion  prevention  devices.  Theee 
> gaoerally  designed  to  remain  at  surgical  sices  during  the 
wound  healing  process,  where  adhesion  fomaticn  occurs,  then  reeorb 
under  phyalologlcsl  conditions.  In  thin  context,  otc  films  and 
membranes  were  prepared  end  their  properties  evaluated,  h variety  of 
water* insolubilization  methods  were  investigated  including  ionic 
complexion  and  a novel  thermal  treatment  reethod.  A certain  control  over 


eh*  lagradatisn  of  eheaa  memhraneB  in  phyalologieal  nedia 

claar.  Howavec,  eheaa  Elljne  diaeolva  in  water  readily  and  tnay  remain 
injury  sitea  for  only  relativaly  shore  periods  o£  cine.  CMC  can  be  ir 
partially  water-inaoluble  by  treatment  with  compounds  oapable  a£ 
reacting  with  one  or  both  functional  groups  (hydrostyl  and  carboxyl)  . 
Polyfunctional  compounds  such  as  dijoachylol  urea  (ESfU)  , urea- 

reace  with  the  OH  groups  and  croaalinh  cnc  (197) . However,  chess 
compounds  are  usually  used  at  relatively  h 
the  question  of  pocencial  toxicity. 

a gel-like  material  which  makes  film  case 
3. 1.4.1  Ionic  eomolexation 

Waesr-solubiliey  of  CMC  is  mainly  d' 
carboxylic  groups.  Exposing  water-soluble  CMC  films  to  cations  each  as 
Fe3+  , Cu2v,  or  Ca2+  which  con^lex  with  eha  carboxylaee  anion  provides 
some  water  resistance.  The  properties  of  calcium  modified  CMC-F  are 

CMC  through  an  aqueous  phase  affects  the  integrity  of  CHC-F.  To 
minimise  film  swelling  and  breeltino  during  crosslinking  r 
mixtures  of  aqueous  CeClg  and  organic  solvents  (a.g.,  ace 
as  described  in  oeceion  3.3.J.2.2.  The  rationale  for  thl 
introduce  calcium  ions  to  CMC  films  vis  a liquid  phase  wb 


).  PrepMtlea  o£  CaClj  Ineolubiliaed  CMC 


Strength 


w«lghc  Solubility  Proportiee 
ooln'^l  in  PBSl’' 

It)  e2S«c 


CaCl2/BCOton« 


elaar  and  wara  aaally  dtiad  at  room  tampatatura.  Tha  lower  weight  gain 
oBaerved  for  CMC*f  traatad  with  aquaoua  Cacl2  compared  to  Cacl2/acecona 
ia  probably  due  to  partial  diaaolution  of  CMC  iilma  during  tha 
traatmant.  Tha  machanical  propartiae  of  CaCl2  treated  CMC  filma  appear 
to  be  alightly  enhanced  aapaoially  in  tha  oaae  of  CaCl2/acatona.  Ionic 
oomplaaation  of  thia  nature  may  not  affect  tha  nacbanical  propartiae 
aignificantly.  However,  iosolublized  CMC  filma  are  much  leaa 


shown  ia  Table  3*10.  The  aqueous  CaCl^  created  CMC-P  have  complataly 


iosolublized  to  various  degrees  by  thermal  traatment  at  elevated 
temperatures  for  different  periode  of  tine.  Thermally  created  CMC-r 

exposed  to  aqueous  media  for  an 


A qualitaciv«  ovaluaeion  o£  tha  d^aeolution  rata  oE  CHC*r  in  PBS 
waa  conduetad  using  an  aeealaracad  dissolution  tast.  Tha  rasults  are 


2 aenoBphare  rasultad  in  Eurthsr  anhanead  w. 


stability. 


in  COj.  Sualling 


INTERCEES  T( 


ft  rftftponeiblft  for  CMC  insolufiilizacion  are  not  enciraly 
he  liffht  o£  the  rftftulte  obtained  in  this  etudy,  a variety  oi 


erosft linking 
Crosslinking  may  ooc 

esterification 

thereby  driving  this  croeslinking. 


hydroxide  {a  bygroduct  of  thfl 
COj  forming  sodium  b. 


•insolubilizfttion  o 


cerbodiimide  or 


increase  of  Che  degree  of  estsrif icacion  with  decreasing  pK  was  also 
observed  tdiich  is  consistent  with  our  results  in  the  presence  of  COj . 
Thsmal  treatment  of  calluloee  or  its  derivatives  may  also  involve  a 
free  radical  mschaniam,  A number  of  investigators  have  studied  the 

icala  in  cellulosie  materials  heated  at  relatively 
ng  electron  paranegnetic  resonance  spectroscopy, 
Arthcr  and  Kinjoea  reported  the  presence  of  a free  radical  signal  in 

time  and  temperature,  especially  above  200”C  {306} . Hilsch  and 


FTIR  sp«Ftruiii  of  hoac-croftcod  CHC  films  did  not  show  any  spscial 

s probably  too  low  to  ba  dotoctod  by  this  taehniquo.  Porthor 
invoacigation  is  nsadsd  to  alueldato  tha  machaniam  lovolvad  in  tbo 
inaolubiliration  of  CMC>P. 

Substantially  watar*inaolubla  CMC  can  ba  obtainad  by  converting 
tha  carboxyl  anion  to  tha  acid  Com.  One  method  Which  has  been  proposad 
for  preparing  water • inaolubla  CMC  ia  to  diasolvo  tha  aodium  salt  of  CMC 

than  haat  traat  tha  isolated  material,  Tha  acidif ioatioa  of  CMC  waa 
further  improved  by  directly  treating  solid  watar-aolubla  CMC  matariale 

to  produce  a orosalinJtad,  insoluble,  partially  acid  form  of  CHC. 


RBSORBANCE 


;‘tODO  31'tQ  2280  ^20  560 

WAVENUMBER 


WAVENUMBER 


It  10  in^rcane  to  i 


"ocicklng" 


In  addition  to  maintaining  tha  anterior  ohambar  and  enabling 

avoid  ocular  tlsaua  Injury  during  cataraot  aurgary.  Tha  ability  of 

ia  ralatad  Co  andocbaliuin  watting  propertiaa.  Thie  ecudy  waa  oonduotad 

quanticaclva  machod  Cor  inveecigating  aurCaca  wactability.  Low  contact 
anglaa  are  indicativa  of  good  wattabllicy  and  epraading  of  liguida  on 

viecoacd  and  CMC  V2  gave  alightly  lower  initial  contact  wetting  angle 
than  Healon*  or  C 

exhibitad  aimilar  complate  apreading  on  endothelial  aurfacea. 


Viecfiac*  CMC*vlil>  CHC-va‘2) 


andocRallujn 


andothaliun 


ratio  o£  3:5,  Eiltarad  trough  lOu  and  autoelavad  at  240"F  for  2Q  ma . 


1 8ur£acfte  aa  coo^atad  to  25*  for  HA  and  27*  for  CHC'Vl 
auogaec  that  tha  HA/CfiS  and  CHC/V2  aolucione  aabibit  alightly  batter 

varioua  aolutiona  taatad,  Thaaa  raaulta  aaggaac  that  molat  andothalium 
aurfacas,  which  ahould  rapraaant  tha  oontal  clinical  altaatlon  during 

viacoalaacic  aolutiona  containing  high  aolida  coneantratlon  and  low  HW 
polynarre  cbaina  axhibitad  aonawhat  batter  watting  qualitiaa  during  the 
initial  Caw  mlnutaa  of  contact.  The  aiaiilarity  In  andothelluia  wetting 

7EyyR  and  11/29}  may  be  due  to  ainilar  rhaologiaa.  Studiaa  in  our 
laboratoriaa  have  ahown  Viacoat  and  CHC'Vl  to  exhibit  aonawhat  higher 
low  Bhear  rata  viacoaity  {40,000  Cpa)  than  Haalon  and  auhacantially  laes 

nay  be  due  to  tha  preaence  of  Bhort  chalna  (l.a.,  chondroitin  aulCata  in 
Viacoat  and  low  molecular  weight  CMC  {7i,2P:  50,000)  in  CHC*V2)  which  nay 
batter  wet  tleaue  eurCacea  due  to  higher  mobility, 

are  lihely  to  provide  almllar  level  of  endothelial  p 


B 9V«ia«tl9n  et  tMOrbabU  CMC  iii«ribran«s  a»  aah««ion 


FBTty  SpraouB-DawlBy  raCB  waiQhlng  27S  Co  340  graniB  wara 

randomly  aseionad  to  aichar  traatnanc  or  control  group  with  raoparation 
on  day  7 poacoparativaly.  Rata  wara  houaad  at  tha  Unavaraity  o£ 
Plorida'a  Animal  Raaourcaa  facility,  an  AAALAC  approvad  facility,  Tha 
aurplcal  protocol  woa  approvad  hy  the  Univaraity  of  Plorida'a  Animal 


Inj »ction 


ao/ml) 


xylazin«  (20  ng/ml) 


n Burglcal  adhaslone  ii 


plane.  PibrouB 


Table  1*14.  Peritoneal  adbeBione  in  the  rat  cecal  model  using  OiC'P  and 


thernally  treated  in  air  at  15Q*C  for 


3.1  CcncluaiOM  tor  Viieetlj.ne  PelvnT  Solution  3tudi«« 
3.  Th«  rheologicBl  propdrtiQs  of  aquoous  aolutioAS  of 

oarboxyiMChylcalloloa*  (CUCl  of  molacular  waighca  varying  from 
9.0x10*  to  l.QxlO*  ware  invaatigarad  over  a wida  range  of 


(Oq)  of  CaC  eolutiona  waa  found  to  vary  with  concentration  {c) 

molecular  weight. 


d only  a alight  effect  on  tha  viaooeity  (9-1 


anionic  polyelactrolyta  behavior. 


A model  based  on  ‘•junction  sons"  theory  wee  proposed  to  explain 

. The  rheology  of  filtered  CHC  solutions  was  investigated  for  vari 
molecular  weights  and  concentrations.  Solution  viscosity  was 
increased  by  lOp  filtration.  Molecular  weight  measurements  by 

of  aggregated  low  molecular  weight  species  and  reorganisation  of 

"junction  zone"  model  proposed.  The  pseudoplastic  behavior  of  CMC 
solutions  was  not  affected  by  filtration. 

The  effect  of  autoclaving  for  aterilization  following  filtration  w 
also  studied.  Lower  viseositiee  for  CMC  solutions  were  observed 
after  autoclaving  below  a critical  ooncentration  (c")  which  in  tur 

concentrations  greater  than  C"  exhibited  increased 
autoclaving.  Since  no  significant  change  in  molecular  weight  w 
observed  due  to  autoclaving,  the  change  i 


calculations  at  critical 

occurs  at  values  of  cCnJ  of  364.2  to  366. • 
viscosity  was  attributed  to  a generalized 
critical  value  of  cln!  ( {dull"  ) below  which  "junction  zones 

CMC  solutions  prepared  from  blends  of  low  molecular  weight  CMC 


pen  autoclaving 
change  in 


synergistic 


than  thoaa  anticipatad  from  addiciva  blandinp  law) . Binodel  MWO  CMC 
blanda  wata  alao  found  Co  ba  laaa  paaudoplaacic, 

dcabilicy  of  CMC  aoluclona  was  anvascigacad  by  exposing  aolucaons  to 
normal  etorage  eonditions  (25*C,  normal  light  condiciona)  for  a 
period  of  S months.  Uoproaessed  (i.a.,  unfilcarad  and  unaucoclavsd) 

tilcerad  and  autoclaved  solutions  showed  little  change  in  viscosity 

6 month  period) . 

Oxidative  degradation  of  CMC  and  KA  was  investigated  in  vitro  via 
oxygen  derived  free  radicals  (ODFRsl  produced  by  autoxidation  of  iron 
<Pa/EDTA  syecsm) . Hydroxyl  radical  scavengers  were  the  most 
efficient  antioxidant  in  preventing  ODfH*inediated  degradation  of 
HA  and  OK.  This  suggests  chat  hydroxyl  radicals  may  be  the  major 
dainaging  species  responsible  for  oxidative  degradation  of  HA  and 
CMC.  Dimethylaulfoxide  (BMSO)  at  0.5»  concentration  afforded  almost 
complete  protection  against  degradation  (95*  inhibition  o 
reduction)  for  both  HA  and  CMC.  Olutathione  afforded  77* 
at  0.5*  concentration.  Such  agents  may  ba  uaeful  ae  antioxidante  i 
HA  and  CMC  to  minimize  degradation  by  frae  radicals  produced  at 

as  atabilizara  to  anbanca  aolution  stability  during  autoclaving  an 


WB8  studied. 


and  evaluation  of  CMC  films  for  adhesion  prevention 


w*r«  invdstiffaced.  Ionic  complexation  o 
a pcoducad  CHC  vambnanaa  uith  anhancad 

a varying  i 


inaolubiliaocion  nathodi 

raaldanca  iima  in  PBS  {36  houra] 

CO2}  producad  CMC  mambranaa  wbic 
opcieally  claar  and  tlaxibia. 

• In  vivo  avaluation  oP  bhamally  li 

raduction  in  clinically  aignificant  adhaaiona  w 

houra,  raapaccivaly) . Inaolubilizad  a 

Haalon*lika  compoaicion  CHC'IHFPK  in  DBS  Silcarad  and 

aotoclavad)  and  a ViacoaC'lika  ootopoaition  (4.6a  7HFPH/31.2P  ratio 
7HFPH;7L2P  of  2:3  filcarad  and  autoclavad)  was  invaatigacad  by 
neaauring  cha  contact  watting  angla  on  rabbit 

abowad  aoiTia  watting  diffarancaa,  BSS*moiatanad  andocheliuni  waa 
iimiadiataly  wac  by  all  earnplae.  Thia  auggaata  that  in  clinical 
aituaciona  thara  ia  probably  littla  diffaranca  in  endothalial 
wattability  or  tiaaua  coating  by  varioua  ophthaljnic  viaooalaatio 


Viaeoat®, 


CBAPTBS 


I HvdreBhilig 


» Bodlficatjon  af  Qcultr  Inmljm  PolviMra 


l.lnvescigscft  graCting  of  NV! 
conditiona . 

2 . Znvaatlgata  the  morphology 

4 . tnveatigate  grafting  of  ot^ 
acid  group'containlng 
S. Study  the  relacionehip 


Id  molecular  weight  d 


n charge  deoaity  of  modified  aurfacee 


(neutral  and  anionic)  and  hiological  propertlaa  ( 
protection) . 

6. Extend  hydrophilic  aurface  modificationa  to 
and  PDMS  (a.g.,  polypropylene,  polyurethane). 

protein,  growth  factors)  into  hydrogel  con^oaitiona. 


ii2  Tinui-grctective  HvdroOlilic  Polymer  Solutiona  and  Mameranee 

l.Bewelop  empirical  eguationa  for  molecular  weight -rhaology 
relationahipa  similar  to  those  developed  for  concentration-rheology 


2. study  th«  viaeoAlaecic  psopartias  of  cue  aoluEiona  uainp  dynaraic 
naaauEainenta.  Eacaplian  ralaclonahipa  betwaan  corepla*  ahear  nodulua  and 


molecular  waiphe. 

1 . Invaatigaca  Curthar  E] 
nixlnp  apaad) , EamparaEura,  and  pK 

llgbc  acactaring  axparlmanEa. 


iia  nixing  condiEiona  (clma  and 
rhaology  of  CMC  aoluEiona. 


aoluEiona  aftac 

7 .invaacagaEa  o 
B .SaEablieh  cla 


ill'known  langch]  . 


laa  in  ClfC  aoluEiona  {i.a.  acudy  c 
adding  ahort  OfC  chaina  with  wal 
ha  affacE  of  filtar  po 
CMC  aoluEiona, 

Ehar  nathoda  of  filtration. 

ac  ralatlonahipa  batwaan  molecular  weight  of  each 

9. Conduct  accelerated  atability  caata  on  CMC  aoluEiona  (i.a.  atorage  a 
higher  tenparatureal  and  aaaaaa  the  effacEa  of  filtering  and 


10, Study  the  mechanical  propartlea  of  CMC  nanbranaa  before  and  after 
Inaolubiliration. 

ll.Invaaeigata  further  the  effect  of  EreatnanE  atmoaphare  on  thermal 


12. Elucidate  CMC  charmal  ineolubilizaEion  raacEiona  b 
PTIR  or  other  analycical  nathoda. 


IS.Invaaeigate  other  methode  tor  CMC  inaolubiliration  (i.a. 


14, Conduct  in  vivo  evaluation  teat  for  varioue  CMC  viacoelaacica 
aepecially  vith  laapecc  to  poatoparacive  intraocular  preaaura  inc 
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